This paper investigates the relationship between permanent and transitory components of U.S. output in an empirical model allowing for business cycle asymmetry. Using a common stochastic trend representation for real GNP and consumption, we divide real GNP into permanent and transitory components, the dynamics of which are different in booms vs. recessions. We find evidence of substantial asymmetries in postwar recessions, and that both the permanent and transitory component have contributed to these recessions. We also allow for the timing of switches from boom to recession in the permanent component to be correlated with switches from boom to recession in the transitory component. The parameter estimates suggest a specific pattern of recessions: switches in the permanent component lead switches in the transitory component both when entering and leaving recessions. 
1
The study of business cycle asymmetry, in which the dynamics of recessions are modeled differently from expansions, has a long history in the economics literature. For example, much early work documenting business cycle facts, of which the research of Burns and Mitchell (1946) at the NBER is a well-known example, focused on recessions separately from expansions. One observation made by these researchers was that the negative shocks that characterize recessions tend to be larger than the other shocks observed over the business cycle. This regularity was also the focus of Neftci's (1984) investigation of asymmetry in unemployment rate dynamics, work that sparked the modern asymmetry literature. Hamilton (1989) demonstrated that large negative shocks are well captured by discrete reductions to the growth rate of the series that arise according to a Markov process. The persistence of business cycle fluctuations has also been the subject of much research, following Nelson and Plosser's (1982) challenge to the traditional view that recessions are transitory dips below trend.
In this paper we investigate the business cycle allowing for asymmetry between booms and recessions, modeled with discrete as well as continuous shocks to the macro economy, and allowing for this asymmetry to arise from either the permanent or transitory component of output. 1 We find very substantial asymmetries, suggesting that both discrete and continuous shocks are important in understanding the business cycle. We find that both the transitory and permanent component of output contribute to short-run fluctuations. Finally, we uncover a surprising, and very strong, temporal pattern to recessions: the permanent component leads the transitory component both when entering and leaving recessions.
The details of our empirical model are as follows. We specify real GNP and consumption as a cointegrated system with a common, random walk, stochastic trend. This yields a natural division of real GNP into permanent and transitory components. The permanent component is the common stochastic trend shared by real GNP and consumption while the transitory component is the deviation of real GNP from this common trend. We then allow the dynamics of both the permanent and transitory component to differ in expansions vs. recessions. Specifically, during each quarter a recession is in effect, we allow the growth rate of the common stochastic trend and the level of the transitory component to be reduced by discrete shocks in addition to the effects of continuous shocks that are present at all times. These discrete shocks, present only during recessions, allow the model to capture recessions that are characterized by relatively large, negative shocks. We endogenously estimate when the switches of the permanent and transitory components between the expansion state and the recession state occur by modeling the switching with two Markov-switching state variables.
In addition, we investigate what dependence might exist, both contemporaneously and at lags, between the timing of switches in the permanent component from boom to recession and corresponding switches in the transitory component. We accomplish this by modeling the evolution of the two Markov-switching state variables as driven by a single, 4-state Markovswitching process. We then ask questions of the following form: Does the probability of say, a switch to the recession state in the transitory component depend on current and lagged recessionary switches in the permanent component? These sorts of questions can be answered using various hypothesis tests regarding the transition probabilities of the Markov-switching process.
The results suggest that recessio ns can be usefully characterized by a typical pattern:
Recessions begin with a switch to the recession state in the permanent component, characterized by discrete reductions to the growth rate of the common stochastic trend. The result that recessions begin with a switch in the permanent component, rather than a switch in the transitory component, may suggest sources underlying the recessions, although we do not pursue this avenue in this paper. During most recessions, following the reduction in trend growth rate, a corresponding switch to the recession state in the transitory component occurs, characterized by discrete reductions to its level. These discrete reductions to the level of the transitory component contribute a bit more to movements in real GNP during recessions than the discrete reductions to the growth rate of the common stochastic trend. The permanent component then switches back to its expansionary state, in most cases at least one quarter before the transitory component switches to its expans ionary state. The recession then ends and the economy gradually asymptotes to its new growth path. beginning probabilistically in quarter 18, occurs. These discrete reductions, which reduce the level of the transitory component by about 3.9 percent in a typical recession, contribute a bit more to the movements in output than the discrete reductions to the growth rate of the permanent component. Finally, in the recovery phase the effect of the reductions to the transitory component gradually wears off.
In the following section we discuss the business cycle asymmetry literature that we build on in this paper. Section 2 formally presents the empirical model and discusses the various restrictions to be tested. In section 3 we present and interpret the estimation results and hypothesis tests. Section 4 concludes.
Business Cycle Asymmetry -Evidence and Modeling Techniques
We consider two forms of business cycle asymmetry in this paper, both of which capture recessions that are characterized by relatively large, negative shocks. In the first, the dynamics of the permanent component of output differ from boom to recession. Because asymmetry is modeled in the permanent component, the asymmetric portion of recessions by definition have permanent effects. In other words, the level of output is permanently lower than if the recession had never occurred. In the second, asymmetry is modeled with different dynamics in the transitory component of output. Here, the asymmetric portion of recessions has only transitory effects. Following a recession, output rebounds, or "peak-reverts", to the level that would have obtained had no recession occurred.
These two forms of business cycle asymmetry have received a substantial amount of attention in the empirical and theoretical literature. In the empirical literature, perhaps more attention has been paid to capturing asymmetry in the permanent component. Much of this work has focused on modeling asymmetry using Hamilton's (1989) Chib (1995) and Koop and Potter (1999) find evidence that the Markovswitching model outperforms linear models. Also, Diebold and Rudebusch (1996) and Kim and Nelson (2001) argue that univariate techniques have low power in detecting a specific form of business cycle asymmetry as the data may be obscured by idiosyncratic variation. They find that evidence in favor of Hamilton's model is much stronger when viewed in a multivariate context.
In theoretical models, this type of business cycle asymmetry is often modeled as endogenous switching between "good" and "bad" trend growth states. Howitt and McAfee (1992) employ a model of switching consumer confidence which leads to multiple equilibria with statistical properties well characterized by Markov-switching. In Cooper (1994) , agents choose between multiple equilibria and then remain in the chosen equilibrium until a large shock induces a switch. Acemoglu and Scott (1997) and Startz (1998) also employ models in which shocks generate endogenous switching between growth states.
Asymmetry in the transitory component of output is also investigated in the literature.
This type of asymmetry is most often associated with Friedman's (1964 Friedman's ( , 1993 ) "plucking" model of recessions. In Friedman's model, recessions are caused by large negative shocks and are followed by periods of rapid recovery. Here, business cycles have three phases: recession, highgrowth recovery phase, and normal expansion phase. Balke (1992, 1996) find that the deeper the recession the stronger the ensuing recovery while Sichel (1994) Beaudry and Koop (1993) showed that a variable measuring the depth of real GNP below its historic high was useful for predicting changes in output. They use this variable to investigate impulse response functions for negative vs. positive shocks, and show that negative shocks are much less persistent.
The pattern of recessions characterized by asymmetry in the transitory component is consistent with a wide variety of theoretical business cycle models. In demand driven models, output might be driven into recession by a large infrequent demand shock. Following the recession, output grows faster than when at trend because resources are underutilized. Walrasian models can also generate peak-reversion if recessions are partially absorbed by running down the capital stock. Then, just as in Solow type growth models, the economy will experience faster growth until the capital stock is restored to its new steady state value.
How are these two types of asymmetry typically captured in time series models of the business cycle? As discussed above, one technique that by now has a long tradition is the use of Markov-switching models. Hamilton (1989) captured business cycle asymmetry in the permanent component of real GNP with a sequence of discrete Markov-switching reductions to the average growth rate of trend in an ARIMA process. Here, the relatively large shocks that cause recessions are shocks to the average growth rate of trend. One consequence of this modeling choice is that the asymmetric portion of recessions have permanent effects on the level of output. Diebold and Rudebusch (1996) , Kim and Yoo (1995) , Chauvet (1998) and Kim and Nelson (1998) extend the Hamilton model to a multivariate framework meant to capture both asymmetry and co-movement across different sectors of the economy.
Asymmetry in the transitory component can also be modeled using Markov-switching models. In a time series model meant to capture the spirit of Friedman's (1964 Friedman's ( , 1993 plucking model, Kim and Nelson (1999a) model business cycle asymmetry in real GNP with discrete, negative Markov-switching reductions to the level of the transitory component of an ARIMA process. Because these discrete shocks operate only through the transitory component, they have only temporary effects on the level of output. In other words, output "peak reverts" to trend following a recession.
These two types of asymmetry were first incorporated into a single empirical model of the business cycle by Kim and Murray (2002) , who modeled regime-switching in the permanent and transitory component of a multivariate system of aggregate economic time series. Their approach allows for a measure of the permanent effect of recessions to be constructed, which they find to be relatively small. Kim and Piger (2002) extend this methodology to a cointegrated system of real GDP, consumption and investment and perform tests of the marginal statistical significance of each type of asymmetry. They confirm that recessions have largely transitory effects, but also find that the existence of both types of asymmetry is supported by the data.
Both of these papers impose strong correlation structures describing the regime shifts in the permanent and transitory component. In the former the shifts are assumed independent while in the latter the shifts come from the same state, and are therefore perfectly correlated.
In this paper we consider a cointegrated system of real GDP and consumption which extends this literature in two ways. As in Kim and Murray (2002) and Kim and Piger (2002) we combine asymmetry in the permanent and transitory component into a single multivariate model of the business cycle. However, unlike the existing literature, which uses strong correlation assumptions to describe the relationship between switches in the permanent and transitory component, we identify the contemporaneous and lead-lag correlation between these switches.
This yields some interesting insights into the pattern of permanent and transitory movements of output over the business cycle. Secondly, the model allows for construction of some new measures of the relative importance of permanent and transitory shocks during recessions as well as over the entire business cycle.
Model Specification

A Model of Business Cycle Asymmetry
Consider the following unobserved components model of business cycle fluctuations: 
Here, the log of U.S. real GNP ) ( t y and the log of U.S. consumption of non-durables and services ) ( t c are divided into a common stochastic trend t x and transitory components z . This specification is based on simple neoclassical growth models such as that in King, Plosser and Rebelo (1988) suggesting that output and consumption exhibit balanced stochastic growth, that is they are cointegrated with cointegrating vector (1, γ − ) where γ is equal to one.
Here we will estimate γ rather than impose the theoretical value of one. The transitory components, y t z and c t z , capture transitory deviations from the shared common stochastic trend, which may arise from a variety of sources such as the propagation of supply-side shocks, as in Kydland and Prescott (1982) , or more traditional demand-side nominal shocks.
We model asymmetry in the trend component as in Hamilton (1989) z is reduced by the discrete amount, τ , during each quarter that 1
However, when the economy returns to normal times, that is 0
wear off in accordance with the transitory autoregressive dynamics and the economy reverts back to the stochastic trend. The farther the economy is plucked down, the faster the growth of the economy as it "bounces back" or "peak-reverts" to trend.
In the model above, real GNP and consumption share a common stochastic trend, modeled as a random walk with a switching drift term. Both Cochrane (1994) and Fama (1992) show that the level of consumption of non-durables and services is very close to a random walk, a result consistent with the permanent income hypothesis. As Cochrane and Fama note, this result, combined with the cointegration of output and consumption, suggests that consumption can usefully be employed as the trend in real GNP. 4 Building on this work, we use consumption to anchor the trend in real GNP by specifying that consumption differs from t x γ by only white noise c t z , which is uncorrelated with y t z and t v . As suggested by Sargent (1989) c t z might be thought of as measurement error. Specifically:
As a robustness check, in Section 3.4 we relax this restriction to allow for more complicated dynamics the consumption series. As is discussed there, this has little effect on the primary results of the paper.
When estimating models such as the one given in equations (1)- (4), structural change in the macroeconomy, to the extent that it affects key parameters of the model, is important to take into account. In this sense, the last 30 years of U.S. macroeconomic data are problematic, as it contains two well documented sources of structural change relevant to this model. First, there is a large literature suggesting that the growth rate of productivity slowed at some point in the postwar sample, with the predominant view that this slowdown roughly coincides with the first OPEC oil shock. For example, Perron (1989) z are very persistent. This is consistent with Perron's (1989) finding that unit root tests are biased towards nonrejection if a break in mean growth has occurred and is not allowed. Our results are robust to dating the structural break to the late 1960's, as suggested by Bai, Lumsdaine and Stock (1998) . 
Modeling the Correlation Between Switches in the Permanent and Transitory Components
In this section we discuss the method by which we allow the timing of switches in the permanent and transitory components from boom to recession to be correlated. We do this through assumptions regarding the processes driving PSiSkSqPSjSkSq −−−− ====== .
As will be discussed further in the next section, we will also be interested in a model in which 
We will also be interested in a model in which 
Model Selection and Estimation Results
A Look at the Data
The data are quarterly observations on 100 times the logarithm of U.S. real GNP and U.S.
real consumption of non-durables and services. Table 1 contains summary statistics for this data.
All data was obtained from the DRI Economic database and span from the first quarter of 1952 to the second quarter of 1998.
The model in Section 2 imposes a common stochastic trend in the logarithms of output and consumption. Thus, we are interested in the empirical evidence regarding the integration and cointegration properties of the data. First of all, using standard univariate unit root tests developed by Dickey and Fuller (1979) , we fail to reject the null hypotheses that the logarithm of real GNP and consumption are integrated at the 10% level. Details of these tests are given in Table 1 . To investigate the cointegration properties of the data we have a choice of tests that can be employed. As is pointed out in Bai, Lumsdaine and Stock (1998) , conventional multivariate and system-based tests suffer from low power and large size distortions. However, in models where a suitable cointegrating vector can be posited in advance, Stock (1994) shows that univariate Dickey-Fuller (1979) t-tests with BIC lag selection have good size properties. The neoclassical growth theory that motivates the cointegration of GNP and consumption gives us a theoretical cointegrating vector of (1,-1). We therefore form the difference between the log of real GNP and the log of consumption and perform the univariate Dickey-Fuller tests. We reject the null hypothesis of a unit root in this differenc e at the 5% level. Details of this test are given in Table 1 . This is consistent with the results of other investigations of the cointegration properties of output and consumption, such as King, Plosser, Stock and Watson (1991) , Bai, Lumsdaine, and Stock (1998) and Stock and Watson (1999) . 
Choice of Preferred Model
In Section 2, we distinguished between three different models, Model 1, our most general model of interdependence between The parameter estimates for Model 1, our most general model, are presented in Table 2 while the 4-state transition probability matrix implied by these estimates is presented in Table 3 .
Using Table 3 
8 Evans and Lewis (1993) show that cointegration tests can be biased in favor of the null hypothesis if a series in the cointegrating equation undergoes Markov regime switching. Since we reject the null hypothesis this does not seem to be a significant problem in this case. 9 We set the order of ) ( L φ equal to 2 based on hypothesis tests suggesting that higher order lags were insignificant.
Such preliminary evidence suggests Model 2 might provide a good approximation of the interdependence described in Model 1. Tables 4 and 5 present the estimated parameters and the full 16 element transition probability matrix built up from the eight estimated transition probabilities of Model 2. Note that the estimated parameters and implied 4-state transition probability matrix from Models 1 and 2 are very similar, the only substantive difference being 
Estimation Results for Preferred Model
We now move to a discussion of the estimation results for the preferred model, Model 2.
We are interested in three questions: . Thus the transitory component is quite important, at least in the short run. In sum, the evidence from these various measures suggest that both over the business cycle and within recessions, and with both the symmetric and asymmetric portion of dynamics, the transitory component accounts for a larger amount of variability in real GNP than the permanent component. The third column of transition probabilities in Table 5 
, while there is a 6% probability that the economy moves back into an expansion. Lastly, there is a 23% probability that the transitory component also switches to its recession state.
The fourth and second columns of Figure 3 presents the probability that only the permanent type asymmetry is present, ( )
1,0|
PT tt PSSt ==, and the probability that the transitory type asymmetry is present, ( )
PT tt PSSt == along with the NBER recession dating.
This graph enables us to view graphically the tendency of the permanent component to lead the transitory component at the beginning of a recession. Figure 4 presents the probability that only the transitory component is present, ( )
0,1|
PT tt PSSt == , and the probability that the permanent component is present, ( )
PT tt PSSt == along with the NBER recession dating. This graph enables us to investigate the tendency of the permanent component to lead the transitory component of recessions. Figure 4 demonstrates that once the recession has begun, the probability of recession state for the permanent component peaks before the probability of the recession state for the transitory component. Evidence of the recessionary state in the permanent component also generally peaks prior to the end of the official NBER dated recessions.
Robustness Checks
In the preceding, consumption played a key role in identifying the trend in real GNP. Our model assumes not only that output and consumption share a common stochastic trend, but also that consumption displays many characteristics implied by the permanent income hypothesis. In particular, the transitory component of consumption is not serially correlated and is completely uncorrelated with the transitory component of output.
Given these rather strong assumptions, a reasonable question is how the results regarding the dynamics of real GNP might change if these assumptions are relaxed. To assess this question we performed two experiments. In the first, we estimate an expanded version of the model given in (1-6), augmented to include more complex dynamics for consumption. Formally, the model is: 
where t x , the common stochastic trend, is the same as in (2):
where
have all roots outside the unit circle and ) , 0 (
are uncorrelated with each other and t v . In this model, consumption is allowed to have much more complex dynamics in its transitory component.
Specifically, consumption and output share a common transitory component, t z , which allows for correlation between the trans itory components of consumption and real GNP. Secondly, consumption is allowed to have an idiosyncratic transitory component that may be serially correlated. Finally, as is the case for real GNP, consumption is allowed to undergo discrete reductions to its transitory component, given by c τ , in addition to its trend component.
We estimate this model, which we call model 2R, with the transition probability restrictions of model 2 given in Section 2.2. The parameter estimates for model 2R are given in Table 6 while Table 7 contains the implied 4-state transition probabilities. Table 7 also contains the implied 4-state transition probabilities from Model 2, reproduced from Table 5, for comparison. The parameter estimates for Model 2R suggest that deviations of consumption from the common stochastic trend are more complex than a white noise process. Consistent with the permanent income hypothesis, the loading coefficient on the common transitory component shared with real GNP, z γ , is small and insignificant. This suggests that consumption does not share a large portion of this transitory component with real GNP. However, inconsistent with the permanent income hypothesis, c τ and the variance of symmetric shocks to the idiosyncratic transitory component of consumption are non-zero. Thus, similar to real GNP, it appears that consumption is well characterized by a transitory component that undergoes both symmetric shocks and large, negative discrete shocks that drive consumption lower during recessions. The likelihood increase from allowing for the more complex consumption dynamics is 9.1. Models 2 and 2R are non-nested, making comparison of this likelihood increase a non-standard problem.
Thus, this likelihood increase may or may not be significant.
While the additional dynamics in Model 2R may improve the characterization of the consumption data, they have little effect on our conclusions regarding the dynamics of real GNP.
First, the parameter estimates continue to indicate that both the permanent and transitory components of real GNP are occasionally hit by large discrete shocks. A plot of ) ( ) ( than Model 2, suggesting the relative importance of permanent discrete shocks for real GNP is somewhat less in Model 2R than in Model 2. Second, for the most part Table 7 shows that the estimated transition probabilities from Model 2R continue to have the strong implication that switches in the permanent component lead switches in the transitory component both when entering and leaving recessions. The only exception, seen in column 2 of Table 7 , is that there is now a small probability, 0.17, that following the state in which only the transitory shock is present the economy switches into a state in which only the permanent shock is present. Given that there is also a small probability of 0.05, seen in column 3 of Table 7 , that the recession will end once in the state where only the permanent shock is present, this suggests that there is a slight chance that the permanent component will follow the transitory component out of recession. However, this is by far the minority occurrence.
As a second robustness check, we estimate a univariate version of model 2 on real GNP.
As might be expected by the complexity of the model, the maximum likelihood estimates from univariate estimation were quite imprecise. However, when we impose the parameter estimates from the multivariate model pertaining to real GNP on the univariate model, the univariate model does not reject these parameters in favor of the maximum likelihood estimates, (p-value = 0.25), suggesting the results given by allowing consumption to identify the trend are not rejected by a model basing the trend only on the univariate properties of real GNP.
Conclusion
In this paper we have investigated the relationship between permane nt and transitory components of U.S. recessions in a model that explicitly incorporates business cycle asymmetry.
In particular we specify a cointegrated model of real GNP and consumption which captures two types of business cycle asymmetry identified in U.S. output, regime switching in the average growth rate of the stochastic trend and "trend-reverting" regime switching in the transitory component. Using this model we investigate the relative importance of the permanent and transitory components of real GNP during recessionary episodes. We find that post-war 11 Augmented Dickey Fuller Tests were performed using BIC lag selection. One lag was chosen for real GNP, two for log real consumption of non-durables and services, and three for the log GNP / consumption ratio. Tests for log real GNP and log real consumption of non-durables and services included a time trend and constant in the test regression. Tests for the log GNP / consumption ratio included a constant in the test regression. In this appendix we discuss the various specification of the transition probabilities that are estimated for models 1-3. Recall, there are four states in our business cycle model, corresponding to the four combinations of In Model 1, the most general model, we estimate the transition probabilities exactly as in (1A). 12 such transition probabilities must be estimated while 4 can be recovered from adding up constraints.
Transition Probabilities for Model 2:
In Model 2, the transition probabilities are such that 
Here, there are 8 total transition probabilities, 4 which must be estimated and 4 which can be recovered from adding up constraints. These 8 transition probabilities can then be used to recover the 16 transition probabilities in (1A) as follows: 
Here, there are 12 total transition probabilities, 6 which must be estimated and 6 which can be recovered from adding up constraints. These 12 transition probabilities can then be used to recover the 16 transition probabilities in (1A) as follows: 
